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Evolut ionary S t u d i e s  -- Lactic dehydrogenases ( L D H ’ s )  from over one 
hundred spec ie s ,  representing a l l  t he  v e r t e b r a t e  classes w e r e  s tud+ed.  
The main p r o p e r t i e s  measured were: s u s c e p t i b i l i t y  t o  i n h i b i t i o n  by  
high pyruvate  concent ra t ion ,  e l e c t r o p h o r e t i c  mobi l i ty  i n  s t a r c h  g e l ,  and 
temperature s t a b i l i t y .  
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cha rac t e r i zed  by i t s  occurrence i n  t h e  h e a r t  and i t s  s u s c e p t i b i  !I! i t y  t o  
pyruvate  i n h i b i t o n ,  and M LDHj cha rac t e r i zed  by i t s  occurrence i n  
h i b i t i o n .  
ske le ta l  muscle and i t s  r tt l a t i v e  lack of  s u s c e p t i b i l i t y  t o  pyruvate  in-  
T h e  following s p e c i e s  seemed t o  con ta in  only  one type of LDH: 
f l a t f i shes  (order Heterosomata),  t h e  lamprey Petromyzon marinus, 
and the cephalochordate Amphioxus. T h e  enzyme of f l a t f i s h e s  and the  
lamprey resembles the  M enzyme of o t h e r  v e r t e b r a t e s .  
p o s s i b l e  t h a t  t h e  s ing12 LDH found i n  Amphioxus and t h e  lamprey repre-  
s e n t s  an e a r l y  evolu t ionary  s tage ,  p reda t ing  t h e  evolu t ionary  appearance 
of t h e  t w o  types of LDH found i n  h igher  v e r t e b r a t e s .  
It might be 
The H4 enzyme was more thermostable than  t h e  M4 enzyme i n  many 
spec ie s  bu t  t h e  r e v e r s e  w a s  t r u e  i n  va r ious  s p e c i e s  of t u r t l e s  and 
amphibians. 
T h e  H enzyme of many spec ie s  moved f a t e r  toward t h e  anode than  d i d  
enz$me b u t  t h e  two enzymes had i d e n t i c a l  mobilities i n  some b i r d  t h e  M 
t h e  H4 enzyme. 
Hp2, and HM 
s p e c i  2 s and t h e  M4 enzyme of t h e  cod (Gadus cal1arias)moved faster t h a n  
Some fishes and amphibians seemed t o  lack  t h e  hybrid L D H ’ s ,  H3M, 
Under s tandard  e l e c t r o p h o r e t i c  cond i t ions ,  enzyme of var ious  
3’ 
s p e c i e s  moved t h e  following d i s t ances  toward t h e  : most f i s h e s ,  
4-8 c m ;  most amphibians, 4-10 cm; most r e p t i l e s  5-6 c m ;  m o s t  b i r d s ,  1-3 
c m ;  most m a m m a l s ,  12-15 c m .  e 
N o  great sys temat ic  change i n  H mobi l i t y  seemed t o  have taken  
p l a c e  dur ing  such e a r l y  s t a g e s  of  ve  9 tebrate evolu t ion  as t h e  evo lu t ibn  
of the  f i s h  classes, t he  evolu t ion  of  amphibians from fishes, or the  
evo lu t ion  of  repti les from amphibians. S t r u c t u r a l  changes i n  t h e  H4 
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enzyme leading  t o  a reduct ion  in mobi l i t y  when birds evolved from 
r e p t i l e s  and t o  a rise i n  mobil i ty  when m a m m a l s  evolved from r e p t i l e s  
seemed t o  have occurred. 
Under s tandard  condi t ions ,  ghe i n a c t i v a t i o n  temperature  f o r  the 
H enzyme w a s  no t  f a r  from 60-65 f o r  most s p e c i e s  of f i s h e s ,  amphibi- 
ans ,  t u r t l e s  (anapsid r e p t i l e s )  and m a m m a l s  t e s t e d  and n o t  far from 
75-80° f o r  a l l  t h e  d i aps id  r e p t i l e s  and most of the b i r d  o r d e r s  t e s t e d .  
4 
I t  w a s  suggested t h a t  a s t r u c t u r a l  change leading  t o  a great rise 
i n  t h e r m o s t a b i l i t y  of t h e  H enzyme took p l a c e  when d i a p s i d  r e p t i l e e  
evolved from anapsid r e p t i l  2 s .  
The M enzyme of m o s t  spec ies  tested had a very low mobi l i t y  under 
t h e  standa2d e l e c t r o p h o r e t i c  condi t ions .  
T h e  i n a c t i v a t i o n  temperature for t h e  M enzyme w a s  determinedofor 
r e l a t i v e l y  f e w  spec ie s ;  most of the  va lues  $el l  i n  t h e  range 50-60 . 
The p o s s i b l e  use  of e l e c t r o p h o r e t i c  and t h e r m o s t a b i l i t y  d a t a  f o r  
so lv ing  taxonomic and phylogenet ic  problems w a s  examined. 
Immunochemical S tud ie s  -- A p r o t e i n  unique t o  nervous t i s s u e  was 
guinea p ig ,  chicken, catfish,  a l l i g a t o r ,  beef ,  monkey, and human), and 
t h e  p r o t e i n  from beef b r a i n  was i s o l a t e d  and p u r i f i e d .  T h e  p r o t e i n ,  an  
unusual ly  a c i d i c  component of the b r a i n - e x t r a c t  s o l u b l e  f r a c t i o n ,  w a s  
found i n  roughly equal  concent ra t ions  i n  gray  and whi te  matter and s p i n a l  
cord.  W i t h  an t ibod ie s  t o  t h i s  acidic p r o t e i n ,  it has  been shown t h a t ,  
i n  c o n t r a s t  t o  most v e r t e b r a t e  p r o t e i n s ,  the  s t r u c t u r e  of the a c i d i c  
p r o t e i n  e x h i b i t s  l i t t l e  evolu t ionary  v a r i a t i o n .  
- r e c e n t l y  discovered i n  a number of v e r t e b r a t e  species ( r a t ,  rabbit, 
S ince  an t ibod ie s  t o  t h e  p u r i f i e d  beef b r a i n  a c i d i c  p r o t e i n  (BBAP) 
could not  be obtained by d i r e c t  immunization , a procedure w a s  app l i ed  
t o  make t h e  BBAP immunogenic by complexing it w i t h  methylated bovine 
serum albumin (MBSA), a method which had been used s u c c e s s f u l l y  t o  o b t a i n  
a n t i b o d i e s  t o  nega t ive ly  charged molecules such a s  DNA and polysacchar ides  
and polyr ibonucleo t ides .  Antibodies t o  BBAP an t igen  w e r e  s u c c e s s f u l l y  
produced w i t h  MBSA - BBAP complex as the  immunogen, and t h e  ant iserum 
w a s  shown t o  be immunochemically homogeneous i n  double d i f f u s i o n  tes ts  i n  
agar  w i th  crude beef  b r a i n  e x t r a c t  and p u r i f i e d  BBAP as an t igens .  
I n  double d i f f u s i o n  experiments w i t h  t h i s  antiserum, a p r e c i p i t a t i n g  
band of i d e n t i t y  w a s  found w i t h  b r a i n  e x t r a c t s  of s e v e r a l  spec ie s .  T h e  
complement (C') f i x a t i o n  curves obta ined  w i t h  ant iserum t o  the p u r i f i e d  
BBAP and b r a i n  e x t r a c t s  of s e v e r a l  animals w e r e  a l s o  similar.  T h e  lack 
of species d i f f e r e n c e s  i n  t h i s  b r a i n  a c i d i c  p r o t e i n  is s t r i k i n g .  Only 
one o t h e r  p r o t e i n  is known to resemble the b r a i n  a c i d i c  p r o t e i n  i n  t h i s  
r e s p e c t  -- l e n s  p r o t e i n .  
The s e r o l o g i c a l  a c t i v i t y  of t h e  rabbit b r a i n  e x t r a c t  is of  f u r t h e r  
i n t e r e s t .  Although t h e  serum of t h e  immunized rabbit con ta ins  a n t i b o d i e s  
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d i r e c t e d  toward  t h e  an ima l ' s  own b r a i n  p r o t e i n ,  t h e  rabbit has shown no 
s i g n s  of i l l n e s s .  E i t h e r  the blood - b r a i n  barrier is  s u f f i c i e n t  t o  
s h i e l d  t h e  b r a i n  f r o m  effects  of t h e  ant ibody,  or the acidic p r o t e i n  
i s  located i n t r a c e l l u l a r l y  -- a s i t e  w h i c h  cannot be reached by  the 
c i r c u l a t i n g  ant ibody.  T h e  ce l lu la r  l o c a t i o n  of t h e  p r o t e i n  i s  c u r r e n t l y  
under s tudy  i n  experiments w i t h  l abe led  ant ibody.  
E f f e c t  of I r r a d i a t i o n  on Nucleic A c i d s  -- W e  have j u s t  completed a 
series of experiments i n  w h i c h  t he  u l t r a v i o l e t ( W )  photoproducts  of cy- 
t o s i n e  ac t  as u r a c i l  i n  RNA polymerase t empla t ing  systems. W e  are pres- 
e n t l y  studying- t h e  effects of o the r  mutagens whose chemical p roduc t s  are 
ve ry  analogous t o  the W photoproducts.  It appears as though similar 
modi f ica t ions  produce i d e n t i c a l  t empla t ing  changes. W e  are p r e s e n t l y  
modifying chemical ly  t h e  cy tos ine  moieties of p o l y c y t i d y l i c  a c i d  and also 
t h e  nuc leos ide  t r i p h o s p h a t e  s u b s t r a t e s .  These experiments will serve 
t o  i n d i c a t e  w h a t  s t r u c t u r a l  l i n e s  are necessary  for changes i n  r e c o g n i t i o n  
systems as  w e l l  as  t o  s h o w  t h e  s i t e  a t  w h i c h  mutagensis can occur .  
